It is proposed that the di erential rotation of the Earth's inner core deduced by Song and Richards (1996) is due to a combination of the deacceleration of the Earth's rotation and the viscous drag between the Earth's inner and outer cores. If this model is correct, then the dynamic viscosity in the outer core of the Earth can be estimated to be 10 4 poise. Besides providing a novel way of determining the viscosity of the core, this simple model suggests some new tests and shows how astronomical e ects can in uence geological phenomena.
(1) where is the rate constant due to the viscous interaction.
The velocity v of the outer core satis es a di usion equation whose coe cient is the kinematic viscosity. In spherical coordinates only the azimuthal component of v is nonzero. It can be written in the form v ' 
In the low-Reynolds-number limit R I 2 , the term on the left-hand side of (2) Determination of the viscosity To evaluate = we only need the dynamical viscosity . The problem is the huge pressure at the surface of the inner core, which can be estimated from hydrostatic pressure balance to be
(The label E refers to the whole Earth.) Estimates of the viscosity range from 10 ?2 to 10 12 poise (Secco, 1995) . At one extreme the experimental data for shear viscosity of liquid Fe at one atmosphere yield a value of 0.01{0.1 poise (Secco, 1995) . Similarly, viscosities calculated from theories of liquid metals fall in the range 10 ?2 { 10 4 poise. In contrast, indirect measurements of the viscosity based on seismological and geodetic studies suggest values of 10 5 { 10 12 poise (Secco, 1995) .
To avoid choosing among these disparate possibilities, we turn the question around. If our proposed model for the di erential rotation is correct, then the e ective viscosity at the outer core can be obtained from Eq. (3). Since the observed di erential rotation of the Earth's inner core (Song and Richards, 1996) is 1 per year, or = 10 ?5 , by taking O I 10 gcm ?3 and R I 1300 km, we estimate the dynamic viscosity to be 6 10 3 poise. This is consistent with some of the estimates of the viscosity of the outer core from geodetic and theoretical studies (Secco, 1995) .
Discussion
According to this picture the spin of the outer core varies continuously with radius, approaching rigid rotation only in the limit of large r. If so, it may be possible to con rm or refute the model experimentally: compression waves like those analysed by Song and Richards (Song and Richards, 1996) , but propagating between points close to the equatorial plane rather than between points near the poles, would travel slightly faster with the Earth's rotation than against it. The di erence in arrival times, which would be on the order of a millisecond, cannot be resolved at present, but may become measurable as instrumentation improves.
We have thus obtained a novel estimate of the properties of a material that will almost certainly never be measured directly. It should be noted that the mechanism descibed here is the same one that has long been invoked to explain the di erential rotation observed in gaseous stars such as our Sun (Tassoul, 1978) . It is also noteworthy that the interaction between the Earth and the Moon has implications for the internal dynamics of the Earth. We therefore conclude by admiring the beauty of the interconnection between the science of the Earth's interior and the science of its exterior.
